S IR 5 R AHR, 2021, 27(2): 204214 doi: 10.11674/zwyf.20300
Journal of Plant Nutrition and Fertilizers http://www.plantnutrifert.org

RrZEpHER R LA B e s H R
HA R E IR

F A&, wedh, AR, FRE, meem, e, ZiEx, W
CUPPIRARBE, | THRIT 5300043 2 PEAILRRA:BE 26 (ERIBFICNT . 1 7RIS 530007)

WE: [ B ] DF708 2P EXT R R AR Kol R v 3R 0 & i . H RS R 40 W i A B A R A B 75
HIREIR, A ZBRRVE R AR IR BE S AR . [ ek ] LAEENE 42 S 0 b R T B G, AR BB Xt
MR (CK, BHETREE 25 cm), HMZBHEE (FEEEUR 40 cm) WALER, H RERER B H REAM A BRI 5 . 78 H
WEEEATY, REMMA HIERES, W 3P U U & DL R H R R W SRR R A, TR B
R EURITERE HEAAR R TG ), AR R AL SLH, FHNERRE . (SR SHHPHEML, e
BHERMT, LA EMRINT 8.6%~16.9%, TIEHEA . BB ENINIRE T 8.7%~77.6% 1 8.2%~
25.6%, ZSREE; HREM ARSI, BIRSIN 11.4%~19.4% Fl 5.3%~34.8%; WEES T HEEN Y
BWOEER . M. . ARCEE. R BEHMET, HEEEAAE R, MR, AR AR
BOEEERIA . FARRE S EA . WA R A BN, R R R AR TR 2 A A S T AR A 4 i T
15.2% F1 16.7%, 458 RECE 4> B N 28.0% A1 17.8%; Jo EA T T4 HAR MRS 7.8% 1 7.9%; 0K Hm
R SNBE NN 29.7% F130.8%; FEMTH . AR LA, By ZBHEVE I H AR 2R 38 0193 0 FeAG GEpkE ARG n T
1.29, 1.39 A 1.25 %, MR A& BE S S (GS) WEPEA BN T 149.6% . 36.5% F1 65.6%, f& R HEM:
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Fenlong tillage increase soil nutrient availability, and benefit vascular tissue
structure and nutrient absorption of sugarcane
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Abstract: [ Objectives ] Fenlong is a new tillage method that is operated by machine to a depth of 40 cm to
break soil hard plant effectively. We studied its beneficial effects on soil and sugarcane plant for the adoption of
the new tillage technology. [ Methods ] Sugarcane cultivar of Guitang42 was used as the test crop in a two-year
field experiment in Guangxi Province. The traditional plough (25 cm deep) was used as the control (CK) and
Fenlong tillage (40 cm deep) as the treatment. Sugarcane was planted with plant bud (new cane) and ratoon
(ratoon cane). The bulk density and available NPK contents of soils were measured in the main growing stages of
sugar cane. The agronomic traits of sugarcane, the vascular bundle morphology and root activity, and the nitrogen
metabolism related enzyme activity in leaves were measured. [ Results ] Fenglong tillage significantly reduced
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soil bulk density by 8.6% to 16.9%, increased soil available N and P by 8.7%—77.6% and 8.2%-25.6%.
Compared with CK, the Fenlong tillage raised leaf N and P concentrations by 11.4%—-19.4% and 5.3%-34.8%,
respectively, increased the seedling rate, tillering rate, plant height, stem diameter, effective stems and yield
significantly. Using Fenglong tillage, the vascular bundles of sugarcane plants were larger and more densely
distributed, and the number of vascular bundles, vascular bundle area, vessel diameter of metaxylem and
phloem area of new sugarcane were increased by 15.2%, 28.0%, 7.8% and 29.7%, respectively, and those of
ratoon cane were increased by 16.7%, 17.8%, 7.9% and 30.8%, respectively; the root activity was significantly
increased throughout the growth period by 1.25-1.39 times. At the seedling stage, the activities of glutamine
synthase (GS) and amino acid synthase (GOGAT) in new cane were enhanced by 149.6% and 40.3%, and the
indexes of ratoon cane were 65.9% and 37.9% higher, respectively, as compared to control. Fenlong tillage
significantly enhanced nitrite reductase (NR) activity of ratoon cane at the elongation stage by 9.5%, and the
GS and GOGAT activities by 36.5% and 69.1%. The indexes of ratoon cane were 36.0% and 42.4% higher with
Fenglong than those of control, respectively at the mature stage, and the activities of glutamine synthase (GS)
in newly planted sugarcane were 65.6% and the indexes of ratoon cane were 93.3% higher than those of
control. [ Conclusion ] Fenlong tillage can significantly increase soil nutrient availability and their uptake by
sugarcane plants, improve the vascular bundle structure and the activities of enzymes related to N metabolism and
root activity. As a result, it promotes the uptake and translocation of water and nutrients, especially N metabolism
and amino acid synthesis, providing a material basis for protein synthesis, facilitating plant growth and
development on the ground, and increasing sugarcane yield and sugar content.

Key words: Fenlong; sugarcane; soil available nutrient content; soil bulk density; nitrogen metabolic enzyme

activity; vascular tissue; yield

PEHE e A = vh R EEAEH, B
M - S EAL PR . VR A R R R A R, R
FEMBRMEY, |7 X NS IR E 60% LY
HHE, RRAGG PRI —BHE X BEdE, AR5
M, TRARME, #HZE 20—25 cm, HHEEE 1 4E, 15
MR 2~34F) . XFHHE AR, BN
JEX, ORI, HAEKH )2 PP ALK
2, RNFFRRRIL, SEDEKEEARS, &
R 7 v P R S SO i R R

Ky ZE B 2 30 A7 R I & B R R FE R,
HAA “i2Remshsk” BHE T HEE A+ 40—50 cm,
o A B VD E R i A, — R o AT G B 1Y
B ATSEAEML R, 3K B Fh kPR £ P 1
HuBRUE, B A K I ] PR FRERR 2 AR ER AR A T,
Ky BBHEATRE 7 R BLUR S ,  T R R A,
HOMFLBREE , B5R UK A B R R E KRR e,
BFRE KRG Rk NFEue fpEne A
20 ZRMEYI R A S, 7 WAL AR,
SlEst . BHBRERIE T A L, Ry BB E W
HERARES, e HREHER, gk X1,
HOMAR K AR E, AHEMKED, R
Bz, nhSERN, AR A A T

it IS A R F 2 28 G, 34 64 m i
L, PR ZMERY), JFEGEERI AR,
RN SHHET A BAE R R, FEMFRR N R
T, SaBREPIRA L, B 2ZHER M T RY
AN T 19.1% F1 13.4%, 4R 80K (AEy) . Al
WHCE (REY) FIAER A7 77 (PFPy) 1 5 3 5 T e
FRBFRIAD . FE/N 222 300 kg/hm? FEHEAIKF
T, B ZERHERUE 20% ZAEAAT AT 5 /N 22 LA
HIHFIARTERL, ARIRE /N P d s WUt 10% AUEAS
25 i SRR s W 30% AU B e, Ky
ZERHES RIC 0 B AERLN A 5% 32 224 Hh 7E R Rl BEE
53 IRt EAKCT X Ky BBV EVE A MR A ™
IR, SRR FEYAR RS 15
BT R RE Ty, B TR A P G A AR fR AL
i, QAR R TG ) B AU A DG i M A5 A BRI AR
Sy BAAEY FEA R NO,, +HENO, A
YN, 7E 40 P RS R R (NR) MIFEH TR K
NO,, NO, Ffi#E A 4 i 5T {4 i 28 W0 Al i 0 R i (NiR)
BMHEALIA R, NH,, NH, 2245 & Bk A i (GS) ik
— AL B R, HAB ARSI (GOGAT)
HEALTE A 2R, A 2R R AR R VT 2 HAh 2
A A i B AR, (A 22 Rk AR R S 1E



206 R R R L S 27 %

Wy AR RH TG 1 195G R A0 DL ARGE , AR WFFE RIS
¥y ZERFAE XS L PR A SR 05 i, R
W, 4R R A5 MR A AU S e
RIS, 5 A Al 2B B 3R 20 i 8Ok e B AR
i, B ZERHEIRACE Rk Sl R B

1Bk

1.1 R XA

TR I T PR A IA X R T T R SR AR
BB 2R A BHE LR G R B ML (22°99728 "N,
107°88'52"E), J& Ml ()37 By 2 R fe, AE-F1 S
MAE 21.6°C 247, AEYIREMI A 1304 mm, V344
YR 79%

I RO LTE, BUEEMEY R 2K
42 H N 2.36 g/lem®, pH 5.73, AL 34.6 g/kg,
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Table 1 Agronomic traits, yield and sugar content of sugarcane under two tillage treatments

Ay =C BHEL R (%) MEER (%) Bk (em) 2542 (em) AL (plant/hm?) PR (kg/hm?)  BESY (%)
Planting method Plough method Seedling rate Tillering rate Plant height Stem diameter  Effective stem Yield Sugar content
SHTAERE CK 32.0+£1.03b 51.2+1.25b 295.0+£2.57b 2.56+0.03b  61477+91b 109814 +2252b 13.86+£0.33 b
Newly planted T 40040892 60.1=2.01a 3340+231a 3.01+£008a 64719+£102a 130555+3539a 15.50=045a
sugarcane
TEARTE CK 173+220b 564+9.50a 251.9+2.80b 2.39+090b  41520+75b 82589+ 1360 b 15.20+0.60 a
Ratoon cane T 22.6+230a 63.0+£7.90a 271.2+560a 292+0.50a  49274+98a 93257+ 1718a 15.80+0.10a

1 (Note ) : CK—# #IHFHE Conventional plough of 20 cm deep; T—H}ZE#HE Vertical and rotary plough of 40 cm deep; 275 AN [E/INE F
BEFR R AL PR 22 5 1. 3 Different small letters indicate significant difference between two treatments for the same planting method (P < 0.05).
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Table 2 Nutrient concentrations of sugarcane plants as affected by tillage treatments
UTEVIEN CHS TR (S/ES A Leaf MR Root
Planting method Growth stage Tillage method N P K N P K

SBIAETE Hi Y] CK
Newly planted sugarcane Seedling stage T
(GRS CK
Elongation stage T
el CK
Mature stage T
TEARTE Hil] CK
Ratoon cane Seedling stage T
(GRS CK
Elongation stage T
el CK
Mature stage T

30.52+£0.66a13.34+034b 7287+ 1.76 a
30.61 £0.642a17.98+0.29a73.80+1.55a

32.31£0.68b30.67+0.64b92.76 +2.37 a
38.58+0.67a3434+0.72a9437+198a

33.06+£0.76 b34.40+£0.76 b 7497+ 147 a
39.47+0.70 2 36.22+0.76 2 69.23 £ 1.56 b
31.80+£0.88240.12+0.84259.90+0.84 a

32.60+£0.71239.09+0.82a 59.75+0.83 a

36.81£0.77b32.57+0.68b 74.19+ 1.56 a
42.57+0.79a239.29+0.72a70.33+1.48b

33.12+0.70b27.94+£0.59b 7045+ 1.35a
36.89+0.71236.26+0.64a62.75+1.32b

2743+£0.75b1449+£023b 9.12+0.22a
35.12+£0.65219.29+£0.10a 991+024a

33.18+0.80b 17.06 +0.29b 1492+ 0.36 a
3891+0.73a22.55+030a 1449+035a
30.56+£0.73b29.73£095b21.92+0.53 a
37.26+0.75a35.13+£036a17.35+0.42b
3144+080b27.44+0.80b29.20+0.70 a
39.62+0.812a33.35+£0.66a29.01£0.70 a
36.05+0.79b33.05+0.79b 2323 £ 0.56 a
42,18 +0.68 a38.44+044a23.92+0.57a
27.31+0.66b27.31 £0.66b20.69+0.50 a
33.49+£0.662a32.99+0.55220.03+048a

# (Note) : CK—7# ¥ Conventional plough of 25 cm deep; T—H} 288 Vertical and rotary plough of 40 cm deep; [RIFIA[G] /NG T4

FRAHEI R 7 ik AL G50 ZZBE Z TR 5% /K255 1L 3% The different small letters mean significant difference between the two tillage

methods at the 5% level for the same planting method.

*3 TRHMEAR THEHELZRAHAR,
MHFERERNE
Table 3 Dry weight and N absorption of roots and leaves in
newly planted sugarcane processing maturing stage
affected by tillage treatments

= e T (kg/plant)  EBLHEE (g/plant)
Tillage method  Organs Dry weight N accumulation
CK 8 Root  0.32+0.010b 8.73£0.15b
it Leaf 0.36+0.023 a 11.92+0.53 a
T # Root  0.41+0.021b 13.73+0.42b
M Leaf 0.46+0.012a 16.96+0.32 a

# (Note) : CK—%# B Conventional plough of 25 cm deep;
T—H2EBHE Vertical and rotary plough of 40 cm deep; [RIFIAS /)N
B REORAHRIRME T 2 L5 S BB EZ ITE 5% KTV2 5
2 The different small letters mean significant difference of a index
between the two tillage methods at the 5% level for the same planting
method.
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W ZEBESAE T, B I 07 AR 25 1) 4 4 o
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BIYEINT 7.8% F1 7.9%, ) B2 & 1w B4 i ¥4 m T
29.7% F1 30.8% (3 5)
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B, OB 2B R T AR R TR R R T AR R
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SRR AR RIS Y 1.39 1%, fERLEY], B
ZEBRAE T REAR 206 T 02 B BUBRE HREAR R 6 T
1.25 % (&1 2).
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149.6% . 36.5% H1 65.6%, i MRt 4331 e [R] st 191 Ay
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T HR R VA S AR 40 S5 0 37.9% 1 42.4%; {HC
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Fig. 1 The anatomical structure of sugarcane stem affected by two tillage methods

[#E (Note) : A Left—&4i#kE Conventional plough of 25 cm deep, £ €] Right—#) 2E#F1E Vertical and rotary plough of 40 cm deep.
PC—IEAR 4 41 Basic structure; VB—4EE s # Bundle sheath; Xyl—J5 4 AR B Metaxylem; Phl—7] 5z Phloem.]
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Table 5 The anatomical structure of sugarcane stem affected by tillage methods

i e (9 RES A AT (m?) SR O JEREABGR A A (um)  FIEGRIER (um?)
Planting method Tillage method VB area Numbers of VB Metaxylem vessel diameter Phloem area
TR CK 55697.65+1302.72 b 27.81+222b 79.83+£2.46b 6199.69 + 126.69 b
Newly planted sugarcane T 64157.13 £5338.16 a 35.61+£287a 86.02+3.65a 8037.95+257.59 a
AT CK 60001.21 £1320.23 b 32.52+£1.23b 83.53+£2.25b 6501.35+110.23 b
Ratoon cane T 70023.00 £ 1635.21 a 3832+230a 90.15+2.54a 8505.34+169.23 a

1 (Note) : CK—H# #HHE Conventional plough of 25 cm deep; T—#; ZE#HHFE Vertical and rotary plough of 40 cm deep; VB—Vascular
bundle; [F]FNET G A R)/INEG TR R AL HEE] 22 5 3% Values followed by different small letters in a column indicate significant difference

between the two tillage treatments for the same plant method (P < 0.05).

700
600
500
400
300
200
100

KR ZIE 77 Root activity [ug/(g-h), FW]

HE YE RS|EHE ¥§ RS
w Eg EBp o Eg By
= g=! 2 = g=! 2
= §D < g gﬂ <
5] = = 3 = =
w o w =}

R R
Sa] m
R T AR

Newly planted sugarcane Ratoon cane

2 BB EHETHERRED
Fig. 2 Root vitality of sugarcane under two tillage methods
[7E (Note) : CK—%# ##E Conventional plough of 25 cm deep;
T—H3 ZE#FE Vertical and rotary plough of 40 cm deep; # L AS[A] /)
5 PR FRR A — R Ab B8 ) 2% 5 1 2 Different small letters above
the bars indicate significant difference between the two tillage
treatments in the same growing stage (P < 0.05).]
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Fig. 3 The activities of enzymes in sugarcane leaves under the two tillage methods
[ (Note) : GS—AHABEM A W Glutamine synthase; GOGAT—A & FRA Jiififf Glutamate synthase; NR— V. fif iR it J5L iff Nitrite
reductase; CK— % #L#k1F Conventional plough of 25 cm deep; T—H} Z2#F Vertical and rotary plough of 40 cm deep; £ FA[FR/ING FHE RN
[] — Bt A A B 7] 22 57 8 3% Different small letters above the bars indicate significant difference between the two tillage treatments in the same

growing stage (P < 0.05).]
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